Introduction {#S0001}
============

Depression is one of the most common mental diseases, which is mainly manifested as depression (showing a lasting unpleasant and unsustainable feeling), loss of enjoyment or interest in usual activities, inability or inadequacy of self-feeling, as well as depressed psychological needs and social disconnection.[@CIT0001],[@CIT0002] It leads to sleep cycle disorders and appetite disorders, distraction and suicidal thoughts. These symptoms may persist in patients with depression for a long time or even relapse.[@CIT0003] It affects the quality of life of the patients and increases family burden if not treated or improved timely.[@CIT0004] Endocrine system disorder, which usually results in elevated cortisol levels and causes nerve cell damage, is an important pathological feature of patients with depression.[@CIT0005] Therefore, protecting nerve cells from injury is an important direction for depression treatment.

With the development of neurobiology and molecular biology, researchers have found that regulating neuroprotective-related genes can protect nerve cells from damage. Studies have shown that decreased expression levels of BDNF play a part in the development of depression.[@CIT0006],[@CIT0007] BDNF is one of the most important members of the neurotrophic factor family. During brain development, the initial expression level of BDNF is very low, and its expression level gradually increases with the development. BDNF is mainly synthesized in neurons, transported by anterograde ax plasm to axon terminals, and released to act on target tissues through specific receptors. Antidepressant treatment can increase the expression of BDNF; therefore, the regulation of BDNF might serve as a potential therapeutic target for antidepressants.[@CIT0008],[@CIT0009] BDNF is regulated by a variety of miRNAs.[@CIT0010] For example, overexpression of miR-206 attenuates neuropathic pain by targeting BDNF.[@CIT0011] And studies have found that miR-613 is involved in the regulation of BDNF in the hippocampus of mice and the occurrence of Alzheimer's disease process.[@CIT0012] However, the roles of miRNA targeting BDNF in depression remain unknown.

miRNAs are involved in essential biological processes such as the regulation of physiological functions.[@CIT0013],[@CIT0014] Studies in recent years have identified miRNAs as critical regulators of gene expression.[@CIT0015] A large number of miRNAs have been shown to be specifically expressed in the brain.[@CIT0016],[@CIT0017] The specificity of miRNAs in some neurons is their location between synaptic dendrites, which is related to their ability to regulate the translation of target miRNAs.[@CIT0018] The turnover rate of miRNA in neurons appears to be faster than other cell types. MiRNAs play critical roles in the maturation of the nervous system, participate in various pathophysiological processes in the brain, and regulate the occurrence of central nervous system diseases.[@CIT0019],[@CIT0020] Studies have found that in the prefrontal cortex of patients with depression, the expression of various miRNAs, such as miR-145, miR-504 and miR-889, is altered. It suggests that miRNAs might be involved in the formation of depression by regulating the expression of optic genes related to neural activities.[@CIT0021] MiR-202-3p has been shown to be closely related to the occurrence and development of many diseases, and the expression pattern and functions in different diseases are different.[@CIT0022] At present, the expression, function and target of miR-202-3p in depression are not clear. It was speculated that miR-202-3p may regulate the progression of depression through BDNF. The main purpose of this study was to explore the regulation of miR-202-3p in depression. The findings in this study would provide a theoretical basis for developing new drug targets.

Materials and Methods {#S0002}
=====================

Animals {#S0002-S2001}
-------

Male Wistar rats (180--200 g) were obtained from Shanghai Animal Center, China. Animals have free access to food and water during the study period. All animal protocols were available from the Qingdao Mental Health Center Animal Protection and Use Committee. All animal procedures were performed in accordance with the Guidelines for Care and Use of Laboratory Animals of "Qingdao Mental Health Center" and approved by the Animal Ethics Committee of "Animal Ethical and Welfare Committee (AEWC)".

Chronic Unpredictable Mild Stress (CUMS) Protocol {#S0002-S2002}
-------------------------------------------------

The CMS rat depression model was a classic model that induces behavioral abnormalities in the body by simulating the body's long-term pressure and unpredictable adverse changes in the surrounding environment. The stress modes were 10 min tail clamping, 24 h food deprivation, 20 min low-temperature swimming (8°C), 24 hours drinking water deprivation, one group of six animals, each shaking for 1 hour with the frequency of 240 Hz, restriction of freedom (60 min), 20 min warm water swimming (40°C), and 24 h high-density space (one cage for every 5--6). Unpredictable stimulation was given once a day for 42 d. The specific flow chart of the experiment is shown in [Figure 1A](#F0001){ref-type="fig"}.Figure 1CUMS-induced expression of miR-202-3p and BDNF in rat hippocampus. (**A**) The specific flow chart of the experiment. (**B**) CUMS-induced mRNA expression of miR-202-3p in rat hippocampus. (**C**) CUMS-induced hippocampus in rat mRNA expression level of BDNF. (**D**) CUMS-induced protein levels of BDNF in rat hippocampus. β-Actin was used as an internal control. \*P \< 0.05, \*\*P \< 0.01 compared with 0 group.

Lentivirus Vectors and Stereotaxic Injection {#S0002-S2003}
--------------------------------------------

The primer sequences of BDNF in the plasmid (ptk431) derived from lentivirus driven by CMV promoter were 5ʹ-CGCGGGATCCATGACCATCCTTTTCCTT-3ʹ (forward) and 5ʹ-GCCGCTCGAGCTACAGGTCCTCCTCTGAGATCAGCTTCTGTCTCCCTTTTTAA-3ʹ (reverse). LV-simulation acted as a negative control. LV-miR-202 -3p (108 TU/mL) and LV-SI-miR-202-3p (108 TU/mL) were obtained from Gene Pharmaceuticals (Shanghai, China). Virus injection was performed according to the literature.[@CIT0023]

For stereotactic surgery, rats were anesthetized with a mixture of ketamine/xylazine and fixed in a stereotactic frame. Using a precision Hamilton microinjector with a 26 G needle, 1 mL of virus solution was injected into both sides of the rat according to the following coordinates: hippocampus with the first injection: 4.8 mm behind the anterior terior, 2.5 mm inside the suture, and 3.5 mm ventral surface of the skull. Second injection: 4.8 mm behind the front leg, 5 mm inside suture, and 6 mm ventral of the skull.

Depression-Like Behavioral Tests {#S0002-S2004}
--------------------------------

In the novelty-suppressed feeding test (NSFT), a square box (52 × 42 × 30 cm, length × width × height) was used, and a pellet of food was placed in the center. After 24 h of fasting, the mice were put into the box, with each time from the same direction and position. The first incubation period of feeding was recorded within 5 min (based on the standard of starting to bite the food pellet), that is, the time from the animals being put into the cage to eating the food for the first time.[@CIT0024]

In the sucrose preference test (SPT), rats were trained to drink water with sugar in a quiet room. Two water bottles were placed in each cage at the same time. In the first 24 h, both bottles were filled with 1% sucrose water. In the second 24 h, one bottle had 1% sucrose water, one bottle had pure water, and two bottles were randomly placed. After 23 h of water ban, the rat sucrose water consumption experiment was started. After 1 h, two bottles of water were taken to weigh, the sucrose water consumption, pure water consumption and total liquid consumption of the rats were recorded.

In the forced swimming test (FST), the rats were placed in a glass circular cylinder with an inner diameter of 18 cm and a height of 40 cm. The water depth in the cylinder was 20 cm, the water temperature was 21°C to 23°C, and the time of test was 6 min. The time that rats in the water was recorded (stop struggling, floating state was not moving). The immobility time was recorded during the final 4 min.

Primary Hippocampal Neuronal Cultures {#S0002-S2005}
-------------------------------------

The Wistar newborn rats were taken out within 24 h of birth. The hippocampus was isolated under sterile conditions, digested with 0.125% trypsin, dispersed and made into a cell suspension of 1×10^6^/mL density. On the 3rd to 5th day after inoculation, 4 μg/mL of cytarabine, the cell division inhibitor, was added to the culture dish to inhibit the excessive proliferation of non-neuronal cells. Fresh culture medium was changed twice a week. Cells were treated with LV-miR-202-3p for 48 h, and protein expression levels of BDNF and CREB1 were detected by Western blot.

Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2006}
---------------------------------------------

Total RNAs were extracted from cells using TRIzol reagent (Kehaojia, Wuhan, China). RNA was reverse transcribed into cDNA using the BeyoRT^TM^ First Strand cDNA Synthesis Kit (Beyotime Institute of Biotechnology). The qRT-PCR reactions were prepared using the ViiA^TM^ 7 real-time PCR system (Life Technologies, Grand Island, NY). β-Actin and U6 were used as internal references. Gene expression levels were detected using the SYBR Premix Ex Taq II (Takara Biotechnology). The qRT-PCR was performed following the methods described in the literature.[@CIT0025] Primer sequences were listed in [Table 1](#T0001){ref-type="table"}.Table 1Sequences of Primers Used in qRT-PCRGeneForward Primer (5ʹ-3ʹ)Reversed Primer (5ʹ-3ʹ)miR-202-3pACACTCCAGCTGGGAGAGGTATAGGGCACTCAACTGGTGTCGTGGAGTCGGCAATTCAGU6CTCGCTTCGGCAGCACAAACGCTTCACGAATTTGCGTBDNFGGTTCGAGAGGTCTGACGACCAAAGGCACTTGACTGCTGAβ-actinGCTTCTCCTTAATGTCACGCCCCACACTGTGCCCATCTAC

Western Blot Analysis {#S0002-S2007}
---------------------

The transfected cells were collected and total proteins were extracted. Protein concentration was quantified using the BCA Protein Assay Kit. Protein samples were incubated with BDNF (1:500, sc-546), CREB1 (1:500, sc-25785), p-CREB1 (1:500, sc-7978, Abcam, Cambridge, UK), andβ-actin (1:1000, A9044, Sigma, St. Louis, MO) primary antibodies at 4°C for overnight. And then followed by incubation with horseradish peroxidase-conjugated secondary antibody (1:5000; Abcam) at room temperature for 1 h. Western blot analysis was referred to the literature.[@CIT0026]

Luciferase Reporter Gene Assay {#S0002-S2008}
------------------------------

Wild-type BDNF-3ʹ-UTR (WT) and mutant BDNF-3ʹ-UTR (MT) containing the putative binding site of miR-202-3p were constructed. The report vector containing WT or MT BDNF 3 '- UTR and mir-202-3p mimic or NC was co-transfected into cells by Lipofectamine 2000. The luciferase activity was measured by the dual luciferase assay system (Promega) at 48 h post-transfection.

Statistical Methods {#S0002-S2009}
-------------------

The monitoring data were analyzed by SPSS19.0 statistical software. The data were presented as mean ± standard deviation (mean ± SD). Multigroup comparison was done based on one-way ANOVA. LSD test was used for subsequent analysis. P \< 0.05 indicated significant difference.

Results {#S0003}
=======

Upregulation of mR-202-3p and Downregulation of BDNF in the Hippocampus of Rats Exposed to CUMS {#S0003-S2001}
-----------------------------------------------------------------------------------------------

The expression levels of miR-202-3p were detected in hippocampus of rats exposed to CUMS. As the duration of CUMS was prolonged, the expression levels of miR-202-3p were gradually increased (P \< 0.05, P \< 0.01) ([Figure 1B](#F0001){ref-type="fig"}). As shown in [Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}, the expression levels of BDNF mRNA and protein decreased gradually with the prolongation of CUMS (P \< 0.05, P \< 0.01). These results indicated that CUMS induced upregulation of miR-202-3p and downregulation of BDNF in the hippocampus of rats.

Effects of Overexpression and Silencing of miR-202-3p on the Behavioral Dysfunctions Induced by CUMS {#S0003-S2002}
----------------------------------------------------------------------------------------------------

The functional role of miR-202-3p was assessed in CUMS-induced depression in rats. Compared to the Control group, sucrose preference ([Figure 2C](#F0002){ref-type="fig"}) and swimming time ([Figure 2E](#F0002){ref-type="fig"}) were significantly decreased (P \< 0.01), latency to feed ([Figure 2A](#F0002){ref-type="fig"}) and the immobility time were significantly increased ([Figure 2D](#F0002){ref-type="fig"}) (P \< 0.01) in CUMS rats. The sucrose preference of Lv-miR-202-3p in CUMS rats ([Figure 2C](#F0002){ref-type="fig"}) was significantly prolonged (P \< 0.01), the latency to feed ([Figure 2A](#F0002){ref-type="fig"}) and immobility time were significantly shorter ([Figure 2D](#F0002){ref-type="fig"}), indicating that depression behavior was more pronounced. The role of LV-si-miR- 202-3p group was reversed. Overexpression or inhibition of miR-202-3p did not cause significant changes in food intake ([Figure 2B](#F0002){ref-type="fig"}). These evidence suggested that miR-202-3p can promote CUMS-induced depression-like behaviors.Figure 2Effect of miR-202-3p on CUMS-induced depression-like behavior. (**A**) Delay in food intake in mice. (**B**) Determination of feed consumption. (**C**) Determination of sucrose preference. (**D**) Measurement of immobility time in FST of rats. (**E**) Measurement of swimming time in FST of rats. n = 6. \*\*P\<0.01 vs control group; ^\#\#^P\<0.01 vs CUMS+LV-MOCK group.

BDNF Was a Functional Target of miR-202-3p {#S0003-S2003}
------------------------------------------

Bioinformatics analysis performed using Targetscan predicted that BDNF was a potential target for miR-202-3p ([Figure 3A](#F0003){ref-type="fig"}). The results of luciferase reporter gene assay showed that the luciferase activity in cells co-transfected with Lv-miR-202-3p and BDNF-WT decreased significantly (P \< 0.05), but the luciferase activity of BDNF-MUT did not change ([Figure 3B](#F0003){ref-type="fig"}). Compared with LV-MOCK group, the expression level of miR-202-3p was significantly increased in nerve cells of LV-miR-202-3p group (P \< 0.05, P \< 0.01), and the expression level of miR-202-3p was significantly decreased in LV-si-miR-202-3p group (P \< 0.01, [Figure 3C](#F0003){ref-type="fig"}). As shown in [Figure 3D](#F0003){ref-type="fig"}--[H](#F0003){ref-type="fig"}, compared to the LV-MOCK group, the expression levels of BDNF, CREB1 and p-CREB1 were significantly decreased in the LV-miR-202-3p group (P \< 0.05, P \< 0.01), while the expression levels of BDNF, CREB1 and p-CREB1 in the LV-si-miR-202-3p group were significantly increased (P \< 0.05, P \< 0.01). In summary, miR-202-3p may directly target BDNF in neuronal cells.Figure 3BDNF was a functional target of miR-202-3p. (**A**) Putative targeting sites for miR-202-3p and BDNF. (**B**) Fluorescence in cells co-transfected with BDNF-WT or BDNF-Mut vector analysis of the activity of the enzyme. (**C**) Expression level of miR-202-3p in hippocampal neurons treated with LV-miR-202-3p or LV-si-miR-202-3p. (**D**) The mRNA expression level of BDNF in hippocampal neurons after treatment with LV-miR-202-3p or LV-si-miR-202-3p. (**E**) Effect of miR-202-3p on BDNF, CREB1 and pCREB1 protein expression levels. (**F**--**H**) Quantitative analysis of BDNF, CREB1 and pCREB1 protein levels. \*P \<0.05, \*\*P \<0.01 vs LV-MOCK.

miR-202-3p Down-Regulated the Expression of BDNF in the Hippocampus {#S0003-S2004}
-------------------------------------------------------------------

The effect of BDNF on the expression of miR-202-3p in the hippocampus of rats was assessed. Compared with the LV-MOCK group, the expression level of miR-202-3p was significantly increased in the hippocampus of the LV-miR-202-3p group (P \< 0.05, P \< 0.01), and the expression level of miR-202-3p was significantly decreased in the LV-si-miR-202-3p group (P \< 0.01) ([Figure 4A](#F0004){ref-type="fig"}). As shown in [Figure 4B](#F0004){ref-type="fig"}--[F](#F0004){ref-type="fig"}, the expression levels of BDNF, CREB1 and p-CREB1 in the hippocampus of the LV-miR-202-3p group were significantly reduced (P \< 0.05, P \< 0.01), while the expression levels of BDNF, CREB1 and p-CREB1 were significantly increased in the LV -si-miR-202-3p group (P \< 0.05, P \< 0.01). In summary, miR-202-3p may directly target the BDNF in the hippocampus of rats.Figure 4miR-202-3p down-regulated BDNF expression in rat hippocampus. (**A**) miR-202-3p of LV- or miR-202-3p of LV-SI- after treatment with miR-202-3p in rat hippocampus expression level. (**B**) mRNA expression level of BDNF in rat hippocampus after treatment with LV-miR-202-3p or LV-si-miR-202-3p. (**C**) miR-202-3p in BDNF in rat hippocampus, CREB1 and pCREB1 expression levels were affected. (**D**--**F**) BDNF, CREB1 and pCREB1 protein levels were quantified. N = 6. \*P \<0.05, \*\*P \<0.01 vs LV-MOCK.

Effects of the Overexpression of BDNF on CUMS-Induced Depression-Like Behavior in Rats {#S0003-S2005}
--------------------------------------------------------------------------------------

As shown in [Figure 5](#F0005){ref-type="fig"}, compared with the Control group, sucrose preference in CUMS rats ([Figure 5C](#F0005){ref-type="fig"}) and swimming time ([Figure 5E](#F0005){ref-type="fig"}) was significantly lower (P \< 0.01), and the feeding latency ([Figure 5A](#F0005){ref-type="fig"}) and the immobility time were significantly prolonged ([Figure 5D](#F0005){ref-type="fig"}) (P \< 0.01). In addition, the sucrose preference in CUMS rats in the LV-BDNF group ([Figure 5C](#F0005){ref-type="fig"}) and the swimming time ([Figure 5E](#F0005){ref-type="fig"}) was significantly prolonged (P \< 0.01). The feeding latency ([Figure 5A](#F0005){ref-type="fig"}) and the immobility time were significantly reduced ([Figure 5D](#F0005){ref-type="fig"}). There was no significant difference in food intake between groups ([Figure 5B](#F0005){ref-type="fig"}).These results indicated that overexpression of BDNF could alleviate depression. Furthermore, as shown in [Figure 6A](#F0006){ref-type="fig"}, the expression level of BDNF in the LV-BDNF group was significantly increased compared with that in the LV-MOCK group, indicating that the transfection was successful. In addition, the expression levels of BDNF, CREB1 and p-CREB1 in the LV-BDNF group were significantly increased (P \< 0.05, P \< 0.01) ([Figure 6B](#F0006){ref-type="fig"}--[E](#F0006){ref-type="fig"}).Figure 5Effect of BDNF overexpression on CUMS-induced depression in NSFT, SPT, and FST. (**A**) Delayed feeding in mice. (**B**) Determination of feed consumption. (**C**) Determination of sucrose preference. (**D**) Determination of the amount of immobility in rat. (**E**) Determination of swimming time in rats. n = 6. \*\*P \<0.01 vs control group; ^\#^P \<0.05, ^\#\#^p \<0.01, vs CUMS + LV-MOCK.Figure 6BDNF, CREB1 and p-CREB1 protein expression levels in rat hippocampus after LV-BDNF treatment. (**A**) BDNF mRNA expression level in rat hippocampus treated with LV-BDNF. (**B**) The effects of LV-BDNF regulation on BDNF, CREB1 and pCREB1 protein expression levels in the hippocampus of rats. (**C**--**E**) Quantitative analysis of BDNF, CREB1 and pCREB1 protein levels. n = 6. \*P\<0.05, \*\*P\<0.01 vs LV-MOCK group.

Discussion {#S0004}
==========

Depression is a chronic neuropsychiatric disorder that seriously affects the life of patients and increases the burden on patients' families.[@CIT0027] At present, the treatment effect of clinical depression is still not satisfactory. The treatment with drugs instead of electroconvulsive therapy brings good news to patients, but the side effects of drugs have adverse consequences.[@CIT0028],[@CIT0029] Therefore, it is particularly important to find new therapeutic targets for antidepressants based on the underlying mechanisms of depression. It has been studied to improve the symptoms of depression from the perspective of reversing neuronal damage, and it is expected to be safer and more effective.[@CIT0030] The development of molecular biology and bioinformatics provides a new research direction for disease treatment. It is of potential significance for disease treatment to explore the mechanisms of disease occurrence and find effective therapeutic gene targets. The existing point of view associates the generation of new neurons with the execution of hippocampal-dependent functions, such as learning, memory, and emotions. In addition, the high excitability of young neurons that has been demonstrated in some studies suggests that they may be involved in the recognition of novel stimuli. Chronic stress and elevated level of glucocorticoids, which play a role in the development of depression disorders, decrease the proliferation and survival rate of new cells in the hippocampus.[@CIT0031] On the other hand, antidepressant drugs enhance the proliferation of hippocampal cells in experimental animals.[@CIT0032] In this study, the effects of miR-202-3p and its targeted BDNF on depression in rats were investigated. Our results showed that the silencing of miR-202-3p could reduce the CUMS damage to hippocampal neurons in rats.

The establishment of animal models is the key for studying the pathogenesis and treatment of depression. The chronic unpredictable mild stimulation (CUMS) model can simulate all kinds of stress including stress in daily life and work, which is very closed to the cause of human depression.[@CIT0033] It is widely recognized by researchers as the animal model for depression.[@CIT0034] In this study, the sucrose intake of rats with depression was significantly reduced in the animal models of depression. The lack of pleasure was the main symptom of patients with depression. In the forced swimming experiment, the behavior changes of rats were judged by recording the time of swimming, struggling and immobility, while the immobility of rats was considered as behavior despair, which was also the main criterion of depression judgment.[@CIT0035] In the unfamiliar environment feeding test, the incubation period of the model rats was significantly prolonged, and the unit of food intake was decreased. It indicated that the depression model rats were accompanied by an anxiety-like phenotype.[@CIT0036] The above results were consistent with previous studies, indicating that the depression model was successfully established.

MiRNAs are a group of endogenous highly conserved non-coding single-stranded RNAs discovered in recent years.[@CIT0037] MiRNAs are widely distributed in various tissues and organs, and participate in the regulation of various physiological functions of the body including development, immune response, hematopoiesis, metabolism, and so on.[@CIT0038] Recent studies have found that miRNAs widely exist in peripheral blood, and abnormal expression of miRNAs was observed in patients with diseases. It indicates that miRNAs in peripheral blood can be used as potential biomarkers for early diagnosis and differential diagnosis of disease.[@CIT0039] Previous studies have demonstrated the involvement of miRNAs in the occurrences of depression or resilience relevant to chronic stress.[@CIT0040] Although one or a few miRNAs are presumably involved in depression or resilience in response to chronic stress, these studies indicate primary data about the role of miRNAs in major depression and resilience. Some of them are granted by our analysis with high throughput sequencing.[@CIT0041] miR-202-3p is a recently discovered miRNA, and it was found to be abnormally expressed in various diseases.[@CIT0042] For example, studies have found that miR-202-3p can inhibit the occurrence and development of gastric cancer.[@CIT0043] The roles of miR-202-3p in depression remain unknown. Our study found that CUMS induced the expression of miR-202-3p. In Lv-miR-202-3p CUMS rats, sucrose preference and swimming time were prolonged, and the feeding latency and immobility time became shorter, indicating that overexpression of miR-202-3p makes the depression behavior of rats more obvious.

Depression is associated with reduced expression of BDNF, which regulates synaptic structure and morphological plasticity. BDNF is also involved in the regulation of cell proliferation, migration, and phenotypic differentiation.[@CIT0044] It is required for neuronal production and function in adulthood.[@CIT0045] Studies suggest that miRNA and BDNF participate in the onset of depression, and the feedback regulation network of miR-134 and BDNF on neural plasticity is a typical example.[@CIT0046] Some studies have detected the expression of BDNF, miR-132 and miR-182 in patients with depression, and the expression of BDNF in the serum of patients is decreased, and the expression of miR-132 and miR-182 is increased. Therefore, it is speculated that over-expressed miR-132 and miR-182 participate in the pathogenesis of depression by inhibiting the expression of BDNF.[@CIT0041] Studies have shown that inhibition of miR-15a can promote the maturation of methylated Cp G-binding protein 2-deficient neurons, which directly targets BDNF.[@CIT0047] We screened BDNF as a target gene of miR-202-3p by analyzing the database. CUMS inhibits the expression of BDNF in a time-dependent manner. CREB is a junction of several signal transduction pathways.[@CIT0048] It is activated by phosphorylation of its residue Ser133, which can regulate the transcription of related genes, affect the expression of many cytokines, and start cell, endocrine and behavioral responses through these cytokines.[@CIT0049],[@CIT0050] The present study found that in the LV-miR-202-3p group, the expression levels of pCREB1, BDNF and CREB1 in neuronal cells and hippocampus of rats were significantly decreased, while their expression levels were significantly increased in the LV-si-miR-202-3p group. In addition, sucrose preference and swimming time were significantly prolonged in CUMS rats in the LV-BDNF group, and the feeding latency and immobility time were significantly shorter. Furthermore, the expression levels of BDNF, CREB1 and p-CREB1 were significantly increased in the LV-BDNF group, indicating that overexpression of BDNF can alleviate depression. In future research, we would try to assess whether BDNF can negatively regulate the expression of miR-202-3p to expand our findings.

Conclusion {#S0005}
==========

Silencing of miR-202-3p attenuated CUMS injury in rat hippocampal neurons, which may be related to the up-regulated expression of BNDF. miR-202-3p might serve as an effective target for depression therapy.
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